Pyogenic liver abscess has become a health problem in Taiwanese society. However, the extent of this problem has remained unclear because of the lack of a populationbased study. We therefore performed a nationwide analysis of pyogenic liver abscess in Taiwan from 1996 through 2004. We analyzed 29,703 cases from the Taiwan National Health Insurance database and 506 cases from National Taiwan University Hospital. Our analysis showed that the annual incidence of pyogenic liver abscess increased steadily from 11.15/100,000 population in 1996 to 17.59/100,000 in 2004. Diabetes, malignancy, renal disease, and pneumonia were associated with a higher risk for the disease. By contrast, death due to pyogenic liver abscess decreased over time, although population-based abscess-related death increased slightly. Renal disease, malignancy, pneumonia, and heart disease correlated with higher death rates; Klebsiella pneumoniae infection and therapeutic procedures were related to lower death rates. Diabetes did not signifi cantly change death rates for the 506 patients from the hospital.
T he epidemiology of pyogenic liver abscess has changed dramatically in recent years (1) . Previously, although incidence was considered rare, the condition was associated with high illness and death rates, usually due to underlying hepatobiliary diseases and polymicrobial infection (2) , with Escherichia coli as the major pathogen (3). More recently, investigations in Taiwan suggest the role of cryptogenic or primary liver abscess, i.e., abscesses without underlying hepatobiliary diseases, in pyogenic liver abscess (4, 5) . These reports also indicate that diabetes is the major predisposing factor of liver abscess and that Klebsiella pneumoniae is the primary pathogen. However, these results were obtained from small-scale hospital-based surveys, which could not provide a panoramic view of the disease. To confi rm these observation-based results, we conducted a large-scale, unbiased investigation.
In addition to epidemiology, the pathogenesis of liver abscess caused by Klebsiella spp. has also been extensively studied, but the mechanism is still not clear. MagA, an outermembrane protein contributing to capsular polysaccharide formation, coexists with serotype K1 and has been identifi ed as the major virulence factor of K. pneumoniae (6) . MagApositive (or serotype K1) K. pneumoniae is accordingly recognized as the main pathogen of pyogenic liver abscess (7, 8) . Nevertheless, how diabetes increases the risk for Klebsiella spp. liver abscess is still not clear. Further research is needed on whether pyogenic liver abscess is affected by immunocompromised conditions, such as malignancy, renal failure, postorgan transplantation, or HIV infection.
To clarify the epidemiology and pathogenesis of pyogenic liver abscess, we used information gathered by the Taiwan National Health Insurance (NHI) program, which was initiated in 1995 by the government to cover most Taiwanese citizens. In 2005, 91.25% of healthcare providers were enrolled in the program and 99% of Taiwanese were insured (9) . Consequently, since 1995, the program has obtained comprehensive health data on the population in Taiwan. In this study, we used NHI data to study the incidence and death rates caused by pyogenic liver abscess in Taiwan and to investigate factors modifying the manifestations of this disease.
Methods

Patients
We requested data on patients with pyogenic liver abscess from the Taiwan NHI program. Cases were selected by using the following criteria: patients were hospitalized and reported before 2004, and the discharge diagnoses included abscess of liver per the International Classifi cation of Diseases, 9th revision, Clinical Modication (ICD-9-CM 572.0) but excluded amebic liver abscess (ICD-9-CM 006.3). Though we selected cases documented up to the end of 2004, the database could not provide information from patients who had not yet been discharged. Those admitted before December 31, 2004, but discharged during or after 2005 were therefore not included in our database. This exclusion results in the underestimation of case-patients admitted at the end of 2004.
Data on 29,965 case-patients were collected. After excluding patients discharged before 1996 and those without clear records regarding age or sex, we enrolled 29,703 casepatients in our study. Patient data were anonymous. Names of these patients were not included, and patient and healthcare provider identifi cation numbers were encrypted.
This primary set of data included the date of admission and discharge, age, sex, diagnoses (up to 5), procedures (up to 5), outcome at discharge (recovered or died), and the fees charged to patients. Laboratory data, including microbiologic data and medication, were not included. Any underlying diseases were determined by the diagnoses listed in the medical records, which were coded by ICD-9-CM.
Because K. pneumoniae is the major pathogen of primary pyogenic liver abscess in Taiwan, it is expected to play an important role in the pathogenesis and prognosis of this disease. Unfortunately, the NHI database does not include microbiologic data. To compensate for this, we reviewed the records of patients in National Taiwan University Hospital (NTUH). This hospital is a public medical center in Taipei, functioning both as a primary care hospital and as a tertiary referral center (10) . As the leading hospital in Taiwan (10) with a 113-year history (11), NTUH serves patients and accepts referrals evenly distributed from every part of Taiwan. The hospital provides care for ≈2,000 inpatients and 7,000 outpatients a day (11) , which are ≈3.5% and 2%, respectively, of persons included in the NHI database (12). Therefore, the patients of NTUH are representative of all of the patients in Taiwan, without substantial bias but may be skewed slightly to the severe side. We selected case-patients from this hospital using the same criteria mentioned above, except that the discharge year was between January 1, 2000, and December 31, 2004; complete microbiologic data was preserved in the NTUH laboratory only after 2000. These patients were included in the NHI database anonymously. For case-patients from NTUH, we reviewed actual medical records and obtained microbiologic data from the hospital's laboratory.
Statistical Analysis
Numerical data were compared by Student t test or paired t test. Categorical data were processed by χ 2 test. Pearson correlation coeffi cients and χ 2 goodness-of-fi t test were used to estimate the trend of incidence and death over time. Unfortunately, incidence and death from different years could not be directly compared because the population structure changed slightly over the study period. To correct the bias, we calculated age-standardized incidence and death rates. The correction was based on age-specifi c population data in 1996. Finally, risk factor analysis was conducted by using the binary logistic regression and curve estimation methods by SPSS version 11.0 for Macintosh (SPSS, Inc. Chicago, IL, USA).
Results
Demographic Data
A total of 29,703 case-patients from the NHI database were enrolled in our analysis ( Table 1) . Ages of these patients ranged from <1 through 106 years of age, with a median age of 61 years; a total of 9,904 (33.3%) had diabetes mellitus, 3,079 (10.4%) had cirrhosis of the liver, 4,350 (14.6%) had cholelithiasis, and 4,115 (13.9%) had concomitant malignancy.
Average hospitalization was 17.33 days. The proportions of patients who received abscess drainage and biliary procedures (endoscopic or surgical biliary drainage) were 33.6% and 14.6%, respectively. The death rate was 10.9%.
Male patients dominated the sample population (18, We then investigated the data over time. An average of 3,300 cases/year or 275 cases/month were reported. The number of reported cases increased from 2,400 in 1996 to 3,991 in 2004 (Table 2) , with a stable increase rate of 1.44 more new cases per month ( Figure 1) ; the decline in cases at the end of 2004 is possibly due to the incomplete recruitment of cases as described in the Methods section.
The annual number of case-patients increased with age; peak incidence for women was seen in those 60-64 years of age and in men 65-69 years of age. A slight decline was noted in case-patients 55-59 years of age, a refl ection of decreased birth rates during World War II. Men <85 years of age had more liver abscess than women but the opposite was seen in women >85 years of age.
Incidence and Risk Factors
The gross incidence of pyogenic liver abscess from 1996 through 2004 was 14.87 cases/100,000 population/ year (17.94 male cases/100,000 population and 11.65 female cases/100,000 population). The annual increase of incidence was 0.86 cases/100,000 population (r = 0.98, p<0.001) (Figure 2, panel A) . When we calculated age-standardized incidences, the increase rate was 0.51 cases/100,000 population/year (r = 0.92, p<0.001) ( Figure  2 , panel B). The age of highest incidence in men was in those 80-84 years of age (86.71 cases/100,000 population); for women, the highest incidence was in those 85-89 years of age (79.80 cases/100,000 population).
Several factors were associated with the increased incidence of liver abscess. Because incidence data from each year could not be merged directly, we chose the cases reported in 2004 to evaluate the relative risk for each factor (Table 3) . Diabetes mellitus and malignancy were associated with a ≈10-fold increased risk, while renal disease and pneumonia tripled and quadrupled the incidence of liver abscess, respectively. We did not investigate the interactions among these factors because it required detailed health records of each person in the Taiwan population, which would violate patient confi dentiality regulations.
Change in Death Rates
In contrast to increased incidence rates from 1996 through 2004, the disease-specifi c death rate declined steadily from 12.33% in 1996 to 9.72% in 2004 while the number of deaths caused by pyogenic liver abscess increased slightly over this same timeframe ( Figure 2 , panel B). The yearly change in the death rate was -0.31% (r = 0.91, p<0.001) ( Figure 3 , panel A). When we calculated age-standardized death rates, the decrease was 0.38%/year (r = 0.94, p<0.001) ( Figure 3 , panel B). Death rates did not differ much between males and females (10.7% vs. 11.3%) ( Table 1) . Death rates increased slowly for men and women 35-85 years of age and peaked for those 90-94 years of age (33.81%). Minor peaks were noted for adolescents 10-14 years of age (19.35%) and for young men 20-24 years of age (12.36%), respectively. We tested case-patients with binary logistic regression to identify the factors contributing to increased death rates (Table 4) . Multivariate analysis showed an increased risk of 1.7%/year of age. Renal disease and malignancy were respectively associated with a 2.5-and a 2-fold increased risk, followed by pneumonia (1.5-fold) and heart disease (1.3-fold). Some underlying diseases were associated with a lower risk for death, including diabetes (0.85-fold), peptic ulcer (0.75-fold), urinary tract infection (0.74-fold), hypertension (0.44-fold), and cholelithiasis (0.69-fold). Therapeutic procedures were also related to the lower risk of death (abscess drainage 0.57-fold, biliary drainage 0.73-fold), compatible with our expectations.
K. pneumoniae and Pyogenic Liver Abscess at NTUH
To compensate for the defi ciency of microbiologic data in the NHI database, we reviewed the medical records of case-patients with primary pyogenic liver abscess admitted to NTUH from 2000 through 2004. In total, 506 casepatients were enrolled, ≈3.70% of all case-patients in Taiwan (13,672) during the same period. This ratio is similar to the general NTUH: Taiwan inpatient ratio (3.50%) (12), suggesting that liver-abscess cases in NTUH are probably a microcosm for the liver-abscess patients in all of Taiwan. Demographic data are shown in Table 5 . Compared with the NHI database, case-patients in NTUH had longer hospitalization periods and higher frequencies of heart disease and malignancy, implying severe underlying conditions. However, the ratios of sepsis, meningitis, endophthalmitis, and pneumonia were similar between NTUH and Taiwan data, so the severity of primary liver abscess in NTUH patients and Taiwan as a whole were equal. Besides, NTUH case-patients were associated with higher rates of abscess drainage and lower death rates, indicating that the quality of medical care for those patients is probably better than the average level of medical care provided in Taiwan.
Among the 506 cases, 358 had positive culture results ( (Table 7) . Therefore, the low death rates in case-patients with diabetes who also had liver abscess were probably attributed to Klebsiella spp. infection. A) The linear increase of the primary incidence data (raw incidence: cases/year × 1/100,000) with the year can be described by the formula Incidence × 1/100,000 = 0.860 × year -1704.66 (r = 0.978, p<0.001). B) The linear increase of the standardized incidence data (raw incidence normalized according to the age distribution of the population) with the year can be described by the formula Incidence × 1/100,000 = 0.512 × year -1010.68 (r = 0.923, p<0.001). r, Pearson correlation coeffi cient. p<0.05 is considered statistically signifi cant.
Discussion
We present a nationwide population-based report of pyogenic liver abscess in Taiwan. Taiwan started the NHI program in 1995, with a coverage rate of ≈99% of its population. By providing national healthcare, the system collected medical records from virtually every person seeking medical help in Taiwan so many nationwide surveys were automatically completed. The database, therefore, refl ects a complete and unbiased picture of general health conditions in Taiwan.
Our data suggests Taiwan is endemic for pyogenic liver abscess. This disease had been considered rare in the past; previous reports showed an annual incidence rate of 2.3/100,000 (13) and 1.0/100,000 (14) in Canada and Denmark, respectively. In our report, however, the incidence rate was 10× higher (11.99/100,000 in 1996 and up to 17.59/100,000 in 2004). Such high incidence rates and rapid increase indicate the true growth of this disease because the data could not be explained solely by the change in population structure or by improved detection capacity of medical professionals. First, the diagnostic tools and methods for pyogenic liver abscess did not remarkably change during our study. Furthermore, the incidence did not explode but increased steadily over time. Thus, the increase is unlikely to have been caused by improved diagnostic sensitivity. Second, to eliminate bias induced by the change in population structure over time, we calculated age-standardized incidence. The increased incidence remains signifi cant after correction (Figure 2, panels A, B) . Hence, endemic pyogenic liver abscess possibly existed long before these data were fi rst collected in Taiwan, even though the situation has recently become much worse. During the study period, magA-positive K. pneumoniae was identifi ed as the major cause of pyogenic liver abscess in Taiwan (6, 15) . Although culture data were lacking in the NHI database, 80% of NTUH case-patients had positive culture data that showed Klebsiella spp. A recent nationwide report from South Korea also showed that the proportion of K. pneumoniae infection increased dramatically in that country over time from ≈0% in 1955-1969 up to 78.2% during 2004-2005 (8) . We can therefore infer that the high incidence of pyogenic liver abscess in Taiwan is related to Klebsiella spp. infection.
In contrast to the rise of incidence over time, death rates from pyogenic liver abscess decreased. In our analysis, the death rate from pyogenic liver abscess in Taiwan was 10.9% during 1996-2004 (Table 1 ) while the inhospital death rate was 6.1% (Table 5 ). These rates are much lower than those in earlier reports, 25% (16) to 50% (14), but are consistent with those in more recent reports, in which population-based death rates were ≈10% (13,14) while inhospital death rates ranged from 6%-8% (15, 17, 18) . This decrease might be multifactorial.
First, the decrease in death rates might be the result of the dramatic increase of case-patients with pyogenic liver abscess. In a previous report, Jepsen et al. suggested that the dramatic decrease in death rates in Denmark between 1977 and 2002 resulted from improved diagnostic tools (14) .
This reason might also apply in Taiwan because the liver abscess-related death rate in the general population actually increased from 1.38/100,000 in 1996 to 1.80/100,000 in 2004. However, the increase was not steady, with a peak of 1.94/100,000 in 2001 followed by a decrease, indicating a true decrease of disease-specifi c deaths. Thus, diagnostic sensitivity could not explain the whole condition.
Second, the advance of medical care might have contributed to the decrease in mortality rates. Because abscess drainage was reported to improve the outcome (2, 15, 19) and Klebsiella spp. was associated with a relatively benign course under aggressive medical care (5,20), we hypothesized that the decrease in death rates was due to the increase of Klebsiella spp. infection and the increase of abscess drainage. To test this hypothesis, we calculated the trends of death-related factors over time in the NHI database. As indicated in Table 8 , the decrease in death rates was chronologically compatible with the increase of abscess drainage (+1.38% per year, r = 0.88, p = 0.002). Although the database did not include culture data, the annual increase of diabetes (+0.69%, r = 0.86, p = 0.003) and pneumonia (+0.28%, r = 0.90, p = 0.001) suggested the concomitant annual increase of Klebsiella spp. infection. Therefore, the signifi cant decrease of liver abscessrelated deaths in recent years is caused by a microbiologic shift (more Klebsiella spp. infections) and better medical care (more abscess drainage). Our study suggests that both underlying renal disease and malignancy increased the incidence and mortality rates of pyogenic liver abscess. A previous survey in patients with end-stage renal disease showed the in-hospital prevalence of liver abscess to be 130.59/100,000 and the death rate to be 33.30% (21) . Patients died of septic shock despite aggressive management in 50% of these cases. In our data, renal disease triples the incidence of pyogenic liver abscess and doubles the death rates, compatible with the previous report. Similarly, underlying malignancy had been well recognized as an important aggravating factor (13, 22) of liver abscess. Our data also showed 10-fold and 2-fold increases in the incidence and mortality rates of pyogenic liver abscess. In addition to the fact that tumors from the hepatobil- iary region might mimic abscesses (23) (24) (25) , tumors in other regions were also associated with poor prognoses (26, 27) , confi rming malignancy itself as an independent aggravating factor. Because the prevalence of both renal disease and malignancy has increased in recent years, the threat of pyogenic liver abscess in those patients is becoming more important, worthy of our special notice. In contrast to renal disease and malignancy, the role of diabetes in mortality rates is controversial. Some reports suggested its association with a more aggressive clinical course (18, 28) while others merely confi rmed its coexistence with pyogenic liver abscess (15, 19, 22) . In our analysis of the NHI database, diabetes caused a 9-fold increase of incidence but paradoxically decreased death rates. Further analysis in NTUH case-patients showed that such a decrease was attributed to the high proportion of Klebsiella spp. infection and that diabetes played no signifi cant role in prognoses. This result is compatible with a report from a recent population-based case-control study in Denmark which stated that diabetes modifi ed the risk but not the prognosis of pyogenic liver abscess (29) . Since diabetes compromises host immune systems, its pivotal role in the risk for abscess but minimal role in abscess-related death, indicates a complicated interaction between the pathogens and the immune system of hosts. More in-depth research in this fi eld is necessary.
The NHI database, although almost complete, is limited in 3 aspects. First, it is defi cient in microbiologic data. Because the microbiologic data from NTUH is hospitalbased, data might not accurately refl ect the condition in the general population. Second, because it enables only 5 diagnoses for each case, coding of diagnoses might be biased if the specifi c case is complicated with >5 underlying diseases. For this reason, some minor conditions, such as peptic ulcer, urinary tract infection, and hypertension, paradoxically decreased death rates in our data. Third, in contrast to the comprehensive data of pyogenic liver abscess, detailed health data for each person in the population are not available. We are therefore unable to estimate the interaction among the risk factors of pyogenic liver abscess in the population (Table 3) . Nevertheless, this study still provides a clear picture of pyogenic liver abscess in Taiwan. The rapid and steady increase of cases with pyogenic liver abscess in Taiwan should be noted (Table 2) . Although the prognosis of liver abscess patients has improved over time (Figure 3) , pyogenic liver abscess-related death in the population continues to increase (Table 2) . Furthermore, complex interactions between pyogenic liver abscess, diabetes, renal disease, and malignancy are shown to worsen this condition. Further collaboration among clinical medical practitioners, public health workers, and research scientists is mandatory to fi ght against such a challenge in the future. 
